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Membrane Commercialization2

A start up incubator company (Energy Enablers, EE) within established 

Albuquerque tech firm.

ÅSolAero looking to expand businesses portfolio / Allow EE small lab space to help 

facilitate pilot scale runs.  

Å In all, 10 formal meetings with VCs.

ÅVC concerns are:

1. Difficult to compete with large industry.

2. Material company profit margins typically small.

3. If demand of product is lower than projected, short fuse.



Membrane Commercialization3

Mixed acid to double  

vanadium concentration

ÅPNNL developed chemistry/material to increase vanadium concentration, 

but integrated materials into a system = UET.

ÅLooking to couple membrane technology to a system.

Material + Integrated System = Promising start up



Membrane Commercialization4

ÅMost popular material is our anion exchange membrane

ÅRecent publication surveyed several anion exchange membrane and found SNL has 

the highest alkaline stability
Alkaline electrochemical devices can 

now be further explored:

Potential application areas

1. Bipolar membrane dialysis* –Waste water 

treatment

2. Alkaline redox flow battery –Energy storage

3. Alkaline membrane fuel cells –Energy 

conversion 

4. High-temperature membrane fuel cells –

Energy conversion

5. Alkaline based water electrolyzers –Energy 

production

6. Metal-air batteries –Energy storage

7. Super capacitors –Energy storage

8. Electrochemical ammonia synthesis –Energy 

production



Membrane Commercialization5

LANL and SNL is 

currently 

discussing a path 

forward to 

package lab IP

ÅHigh conductivity and durable.

ÅWould be BIG win if could couple anion exchange 

membrane/ASOFB…..

Å“Game changing” application may have been developed by 

LANL with intermediate temperature FC employing SNL anion 

exchange membrane.

ÅFC operates with no water.



Aqueous Soluble Organic FB6

ÅSlight pivot this year to focus on membranes for ASOFB than VRFB.

ÅASOFB there is a need for new materials (electrolyte, membrane, 

electrochemical species, etc.).

ÅCapture multiple applications employing our anion exchange membrane.

SNL 3.5 x lower resistance 

than Selemion DSV

SNL = Low resistance SNL = Low selectivity

Target 1x10-10 cm2/s

SNL  6 x 10-9 cm2/s

Selemion DVS 1x10-12 cm2/s

Unpublished work from Dr. Aziz labs



Aqueous Soluble Organic FB Concept7

Due to bulky 

backbone/substituents, 

large chain to chain 

distance = larger 

hydrophilic domain high 

ion cross over

In membrane 

polymer chains will 

stack

Less bulky backbone and 

backbone attached ionic 

group = smaller 

hydrophilic domain low 

ion cross over

SPEEK

Aziz, M., et al.  J. Electrochem. Soc., 

165 (5), 2018, A1137-A1139 



Aqueous Soluble Organic FB Concept8

To improve membrane selectivity goal:  Incorporate non conducting functional groups around 

ionic moieties to control water channel size.

0.5 M methyl viologen

0.5 M HO-TEMPO

1.5 M NaCl

0.6 Wcm2

1.1 Wcm2

1.7 Wcm2

ASR in 1.5 M NaCl

Concept works, now looking at varying length of ion containing tether



VRFB Membranes ðMembrane Development9

ÅDeveloping Nafion-like materials by attaching fluorine containing groups.

ÅBenefit of  fluorine: stable and lower water uptake.

ÅOne step reaction to attach fluorine.

Submitted 

publication to 

Polymer 

journal.

Water contact angle measurements 

of substituted CF3 polymer has 

reduced surface energy and 

increased water contact angles = 

higher degree of hydrophobicity.



Summary/Conclusions10

ÅCommercialization efforts –Materials or System?

ÅAnion exchange membranes need to be modified for improved flow 

battery performance –have concept shows promise.

ÅDeveloping fluorinated poly(phenylene)s for VRFB

ÅThree issued patents and one patent application

Future Tasks

ÅMembrane commercialization  

ÅBattery testing of new polymer architectures (Travis/Harry), send to 

collaborators.
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Thank You to the DOE OE and especially Dr. Gyuk for his 

dedication and support to the ES industry and Sandia’s ES 

Program. 
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